Juice of sweet pearl millet and sweet sorghum can be extracted by mechanical pressing and then fermented to produce bioethanol. Since the juice contains a significant amount of soluble sugars, delays between the juice extraction and its transformation may be critical as sugars can degrade quickly. The main objective of this study was to determine the impact of storage time on sweet pearl millet and sweet sorghum juice pH and soluble sugars concentration. In 2013, the juice extracted from both crop species was stored at ambient temperature or under 4°C in a refrigerator up to 72 h. Juice was sampled every 24 h. In the 2014 experiment, the juice was stored at ambient temperature for 12 h and sampling was made after 0, 2, 4, 7, 8, 10, and 12 h. Obtained results showed that when the juice was refrigerated at 4 o C, the pH and soluble sugars concentration remained stable throughout the 72 hours of storage. At ambient temperature, the total soluble sugars concentration significantly decreased during the first 24 h of storage of sweet sorghum juice (-17%) and between the first 24 to 48 h of sweet pearl millet juice (-29%). However, the total soluble sugars concentration did not vary in the juice of both crop species during the first 12 h of storage at ambient temperature. Producers have therefore up to a 12h-storage delay at ambient temperature after extraction before the need of a transformation process or the addition of preservation agents to avoid sugar degradation of the juice of both crop species. Keywords: Sweet sorghum, sweet pearl millet, juice, sugars, storage, bioethanol.
Le jus du millet perlé sucré et du sorgho sucré peut être extrait par pressage mécanique et fermenté par la suite pour en produire du bioéthanol. Comme le jus contient une quantité significative de sucres solubles et que ceux-ci peuvent se dégrader rapidement, les délais entre l'extraction du jus et sa transformation peuvent être critiques. L'objectif principal de cette étude était de déterminer l'impact du temps d'entreposage sur le pH du jus extrait du millet perlé sucré et du sorgho sucré ainsi que sur sa concentration en sucres solubles. 
INTRODUCTION
Bioethanol production is one of many interesting alternatives to reduce fossil fuel consumption since it can be mixed with gasoline. Several studies have been carried out in eastern Canada to investigate the possibility of growing sweet pearl millet and sweet sorghum under local climate conditions and assess their biofuel production potential (Crépeau et al. 2016; Dos Passos Bernardes et al. 2015b; Thivierge et al. 2015a; Thivierge et al. 2015b; Leblanc et al. 2012; Bouchard et al. 2011) . Even though the estimated bioethanol yield with sweet pearl millet and sweet sorghum in eastern Canada is somewhat lower than corn-ethanol (Crépeau et al. 2016; Thivierge et al. 2015a) , both crops can grow on light and less fertile soils compared to other crops used for first generation bioethanol production, such as corn, since they require less water and nutrients' supply (Thivierge et al. 2015b; Mahapatra et al. 2011; Wu et al. 2010; Andrews and Kumar 1992; Rachie and Majmudar 1981) . Therefore, sweet pearl millet and sweet sorghum juices present interesting advantages as a potential feedstock for bioethanol production in eastern Canada. The juice can be extracted with various presses and then fermented to produce bioethanol, while the residue (bagasse) could be used as cattle feedstock for ruminant with low energy requirements (Dos Passos Bernardes et al. 2015a) .
Some studies on the juice conservation of sweet sorghum have already been reported (Bridgers et al. 2011; Shen and Liu 2010; Daeschel et al. 1981) , but there is a lack of scientific information on the conservation of sweet pearl millet juice. For an optimal fermentation, the composition of the juice extracted from the biomass is important. Indeed, juice composition, handling, and preparation methods can affect the performance of the fermentation process (Bridgers et al. 2011; Liu and Shen 2008) . Soluble sugars concentration and pH of the juice are among the major factors that can affect the fermentation process. The optimization of these factors is therefore essential to maximize the transformation of the sugars contained in the extracted juice into bioethanol.
The total soluble sugars concentration (TSSC) in the juice of sweet sorghum and sweet pearl millet may vary according to the harvest periods (Dos Passos Bernardes et al. 2015b) . Sucrose is generally the main soluble sugar contained in sweet sorghum juice (50 to 70% of TSSC), followed by glucose (20-30%) and fructose (10-20%), respectively (Bridgers et al. 2011; Wu et al. 2010; Prasad et al. 2007 ). However, these proportions vary according to different factors such as the harvest period and the plant variety (Bridgers et al. 2011; Prasad et al. 2007) .
The storage mode and delay may alter the qualitative and quantitative composition of the juice extracted from sweet pearl millet and sweet sorghum and its concentration in sugars. Wu et al. (2010) indicated that the TSSC of sweet sorghum juice drops drastically with respect to the time delay between juice extraction and fermentation if stored at room temperature (25 o C). Average sugar losses reported by Wu et al. (2010) were 12.3%, 31.4%, 46.3%, and 52.8% after 3, 5, 8, and 15 days, respectively, on one of the study sites, while these losses were 29.6%, 38.6%, and 44.5% after 3, 6, and 13 days, respectively, on another site of experimentation. Bellmer et al. (2008) also observed a decrease in ethanol production due to the storage time between harvest and inoculation of the fermenting agent in the juice. After 36 hours, the ethanol yield was close to zero.
When stored at 4 o C in a refrigerator, the sugar losses were however less than 1% and 3% after one or two weeks of storage, respectively (Wu et al. 2010 ). According to Wu et al. (2010) , the ratio of the different sugars does not change when stored in a refrigerator whereas at room temperature, the sucrose decreases rapidly while the fructose concentration increases. Eggleston (2002) also indicated that the brix of sugarcane juice decreased slowly during the first 23 hours of storage at room temperature and then declined rapidly. In the case of sugary solutions such as sugarcane juice, the Brix degree is often used as a fast estimation of the total soluble sugars contained in a liquid.
According to Bellmer et al. (2008) , a decrease in the pH of sweet sorghum juice improves the ethanol yield for different storage times after harvest. Microbial activity of the natural microflora would be slowed in a more acidic solution (pH 4.3 versus a natural pH of 5.2). On the other hand, Bridgers et al. (2011) indicated that a more acidic environment has no effect on the yield of ethanol (pH 4.5 versus 5). However, they noticed a significant interaction between the different yeasts used and the juice pH. Liu and Shen (2008) achieved a higher yield of ethanol production with the juice having a pH of 5.0 as compared to the juice having a pH of 3.5, 4.0, and 4.5. Eggleston (2002) also showed that the pH of sugarcane juice decreases with time when the juice is stored at room temperature, while it remains unchanged if sodium azide is added to the mixture. Freezing was also found to be a good conservation process for the juice (Bridgers et al. 2011) .
The main objective of this research was to determine the impact of various storage times and conservation modes (cold (4 o C) or room temperature) of the juice of sweet pearl millet and sweet sorghum on its pH and sugars concentration.
MATERIALS AND METHODS Two experiments were carried out in 2013 and 2014. Juice was extracted on 16 September 2013 with a hydraulic press (Crépeau et al. 2016) . Eight containers of sweet sorghum juice and eight of sweet pearl millet juice of 500 mL each were filled with freshly extracted juice. Half of the containers from each crop species were kept indoor at ambient temperature around 22 o C, whereas the other half was stored in a refrigerator at 4 o C. During 72 hours, juice samples of 70 mL were taken at 24-hour intervals from every container. Immediately after taking the samples, the pH of the juice was measured with a pH meter (Fisher Scientific Accumet pH meter 900, Pittsburgh, PA, USA) in every container. Every sample was then kept frozen until further analysis. A repeated measurement design was used for this experiment with two storage modes (ambient temperature and refrigerated), four storage times (0, 24, 48, and 72 h) and four replicates.
In 2014, juice was extracted with the same hydraulic press on September 8. For each crop species, four 500 mL containers were filled with juice. The containers were kept at ambient temperature (around 22 o C). Samples were taken after 0, 2, 4, 7, 8, 10, and 12 hours, as well as pH and temperature measurements of the juice in every container. Then, the samples were kept frozen for further analysis. A repeated measurement design was used with 7 storage times (0, 2, 4, 7, 8, 10 , and 12 h) and four replicates.
At the end of both experiments, every sample was brought to the laboratory to analyze the sugars concentration. The analysis was achieved using highpressure liquid chromatography (HPLC). First, 10 mL of juice was centrifuged at 4°C for 10 min at 3220 × g (4000 rpm). Then, a 2 mL sub-sample of the supernatant was collected, diluted 25 times, and kept frozen to carry out the quantification of soluble sugars by HPLC. The soluble sugars sucrose, glucose, and fructose, as well as mannitol, were analyzed using a Waters HPLC analytical system controlled by the Empower 2 software (Waters, Milford, Mass. Data analysis was conducted using the MIXED procedure of the SAS software, version 9.3 (SAS 2011). Following a significant effect, multiple comparisons were done using the protected LSD (Least Significance Difference) method. Statistical significance was postulated at p<0.05. For both experiments, crop species were analyzed separately.
RESULTS AND DISCUSSION
During a storage period of 72 h, sweet pearl millet and sweet sorghum juice pH varied with respect to the storage temperature and storage time (Table 1) . During the 2013 experiment, the pH of the juice samples kept at ambient temperature decreased between the first 24 to 48 hours (Fig. 1) . After 72 hours of storage at ambient temperature, the pH decreased by 1.7 and 1.2 unit in sweet pearl millet and sweet sorghum juice, respectively. On the other hand, the pH of the juice samples kept at 4 o C remained stable during the 72 hours of storage, for both crop species (Fig.  1) . Therefore, it can be concluded that the storage of the juice at 4 o C helps to stabilize the pH without the need of using additives that would eliminate beneficial bacteria, like sodium azide, or freezing the juice immediately, as suggested by Eggleston (2002) .
Despite a non-significant change in the first 24 hours of storage at ambient temperature in 2013, a pH variation was observed in the first 7 hours of storage at room temperature during the 2014 experiment for sweet pearl millet juice, while sweet sorghum juice pH remained stable for the 12 hours of storage (Table 1) .
The soluble sugars concentration of the juice of both crop species also varied during the 72 hours of storage depending on the storage temperature ( Table 2) . The storage at 4 o C clearly conserved TSSC at the same level as the initial states and limited their change in concentration for both crop species (Fig. 2) . While a very low concentration of mannitol was found in the juice stored at 4 o C for 72 hours, a strong increase in the amount of mannitol was observed between 24 and 48 hours of storage at room temperature, for both crop species (Fig. 2) . As reported by Eggleston (2002) , mannitol is an alcoholic sugar formed by the conversion of two fructose and one glucose molecules. Mannitol is sometimes used to measure the state of deterioration after harvest of sweet sorghum (Lingle et al. 2013; Linden et al. 1987 ) and of sugarcane (Eggleston et al. 2008) . The mannitol increase caused therefore a decrease of fructose, and also of glucose in a smaller amount.
When refrigerated, the TSSC did not vary significantly during a 72-hours-storage (Fig. 2) . However, a decrease of the sucrose concentration of about 57% and 21% after 3 days of refrigeration was observed in sweet pearl millet and sweet sorghum juice, respectively. While the glucose and fructose concentrations in sweet pearl millet juice increased by about 6%, an increase of 11% of glucose and 14% of fructose concentrations was observed in sweet sorghum juice. Similar results have been reported by Bridgers et al. (2011) who found that sucrose concentration decreased between fresh and frozen sweet sorghum juices while the glucose and fructose concentrations increased. They explained this decrease in sucrose by its conversion into the corresponding monomers. However, Wu et al. (2010) did not observe any significant variation in the sugars' profile of juice being conserved at 4 o C for more than two weeks compared to the fresh one. The conversion of sucrose into glucose and fructose might be advantageous for the fermentation process since glucose and fructose would be more readily metabolized by yeast through glycolysis than sucrose (D'Amore et al. 1989) . Indeed, it is well known that sucrose would need first to be hydrolyzed into glucose and fructose by the action of invertase enzymes (Meneses et al. 2002; D'Amore et al. 1989) .
At ambient temperature, the TSSC decreased significantly during the first 24 hours of storage for sweet sorghum and this decrease was more pronounced between 24 and 48 hours of storage for sweet pearl millet. In the first day of storage, a decrease of the TSSC of 17% was observed in the juice extracted from sweet sorghum, while a decrease of 29% was observed in the first 48 hours of storage of sweet pearl millet juice. After 72 hours of storage, the decrease was about 38% and 32% for sweet pearl millet and sweet sorghum, respectively (Fig. 2) . These decrease of TSSC are a slightly larger than those observed by Wu et al. (2010) which were around 12 to 29% on average after 3 days of storage of sweet sorghum juice at ambient temperature. Since Wu et al. (2010) have hand-harvested and leaf-stripped the biomass, this could have resulted in a lower bacterial load in the juice extracted. This could explain the slight difference between their results and what was observed in the present study.
In the first 24 hours of storage at room temperature, a decrease of sucrose concentrations of 73% in sweet pearl millet juice and 81% in sweet sorghum juice was observed (Fig. 2) . After 48 hours of storage, the glucose and fructose concentrations started to decrease rapidly, whereas the mannitol concentration increased. In the sweet pearl millet juice, the glucose and fructose decreased by 47 and 59%, respectively, after 48 hours of storage at room temperature, while they both decreased by 24% in the sweet sorghum juice (Fig. 2) .
The decrease in sucrose concentration within the first 24 hours of storage was likely due to its conversion into glucose and fructose by the action of bacterial invertase. During the 2014 experiment, the concentration of sucrose in sweet pearl millet and sweet sorghum juices also declined during the first 12 hours of storage at room temperature, whereas those of glucose and fructose increased (Table 3 ). In the sweet pearl millet juice, the sucrose concentration decreased by 27% while the glucose and fructose concentrations increased by 9 and 12%, respectively.
As for sweet sorghum, the sucrose concentration decreased by 38% in the 12 hours of storage while the glucose and fructose concentrations increased by Table 3 . Soluble sugars concentrations of sweet pearl millet and sweet sorghum juice or 12 hours of storage at ambient temperature in 2014. about 5 and 8%, respectively (Table 3) . However, the TSSC remained stable during the first 12 hours of storage at ambient temperature. Moreover, no mannitol has been found in the juice of both crop species. It can be concluded that the juice extracted from sweet pearl millet and sweet sorghum can be stored for at least 12 hours at ambient temperature without any potential sugar loss. CONCLUSION During the first 12 hours of storage at ambient temperature (22 ± 1°C), the TSSC of juice extracted from sweet pearl millet and sweet sorghum did not show any significant variation. Under such conditions, this would give the producers a buffer time of 12 hours between juice extraction and transformation without affecting the initial juice composition. However, if the juice would be conserved outside in a tank under the sun, a possible increase of the juice temperature might decrease this buffer time. Conversely, the low nighttime temperature observed in eastern Canada in early fall could help the sugars' conservation. For sweet sorghum, the TSSC started to decrease within the first 24 hours of storage at ambient temperature of 22 o C, while the decrease occurred between the 24th and 48th hours of storage for sweet pearl millet juice. When kept refrigerated at 4 o C, the juice pH remained stable, while it decreased drastically when stored at ambient temperature for more than 24 hours. Therefore, it is highly recommended to immediately refrigerate the juice beyond 12 hours of storage at ambient temperature if no preservation agent is added. Since many factors could influence the fermentation process such as sugar profiles, sugar concentrations, and pH among others such as bacterial load, the fermentation experiments, using the juice extracted from sweet pearl millet and sweet sorghum cultivated in eastern Canada and harvested with genuine machinery, shall be the next step to evaluate the possibility of using the juices of both crop species as feedstock for biofuel production. 
